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ABSTEACT 

This paper discusses the potential for the use of 
microcomputers as an aid in the teaching of statistics, and reviews 
five of the approaches that have been taken: (1) CAI question and 
answer dialogs: (2) statistics as a tool in the teaching of a 
computer language: (31 the computer as a computational tool: (^\ 
computer Generated tests and homework: and (5) the computer as 
simulator. The description of a microcomputer simulation program 
designed for an intermediate statistics course on research and design 
(AN0VA1 includes an example of its application in a student exercise 
involving F-Batios. soms guidelines on the purchase of a 
microcomputer system to be used in a statistics laboratory are 
"provided. The paper concludes with a brief discussion of the 
obstacles to be overcome in the development of instructional systems, 
and the bibliography lists 2U references. (BAA) 
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TEACHING STATISiTICAL CONCLIPTS USING MICRQCOHI'UTER SIMULATIONS 

David U* SiocKbu r<Ser 

Thfi microcoKiFuter sill soon become star»dard ewuits'itieril 
in a statistics laboratory because of its economy » power t 
and speed* Not bnly can statistical coitipu tat ions be performed on 
these machines* but computer simulations may illustrate 
statistical concepts* Strategies for developing programs which 
aetivel^:* involve the student in staaes of learning will be 
discussed* An example simulating exper imehts and the 
r-disir ibution will be presented* 

With the advent of microcomputers the day of powerful? 
ineKPenaive computers predicted in the late 1960's (Cooleyt 
1969) are here* In this paper I will first review some of the 
various approaches that have been taKen in applying computers to 
aid in the teaching of statistics* presentinia an example of one 
approach in detail* I will then discuss the necessary eauipment 
to implement a statistics ' laboratory * I will conclude with a 
discussion of the obstacles which must be overcome in the 
development of instructional systems* 

Durina the late 1960's and early 1970' s a number of 
individuals attempted to develop computer-assisted 
instructional systems to aid in the teaching of introductory 
statistics (Tubb» 1977)* Before they beslan» most realised that 
it would be prohibitively expensive to implement the proairams and 
iwst^ms that they developed on a large scale* Many of these 
applications were feasibility studies to Judge the impact of this 
new technology on the teaching of statistics* It is worthwhile? 
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thereforsf to review soui© of the 5ucce«>5es and failureis of 
dtteiiiptfi* to interface larsiitt and iiiini computers with statistics 
courses in order to better dir-ect the developnient of 
m i cr ocomr-u t er s ♦ 

Attempts to intesirate the computer . into statistics 
cour'ses may be placed into one of five catesloriesJ • 

I* CAI Question -answer dialogs* 

II* As a ij^ir^s of teaching a com-^uter lanauaae. ^' 
III« As a computational tool* 

IV» To generate statistics tests and homework* 
^* As simulations* 

These categories are fiot exclusive but are valuable as a 
reference point* 



I* CAI QUESTION- ANSWER DIALOGS 



Much of the early CAI work done in America was in the 
area of tutorials .< Atkinson r 1969» Wassertheil» 1969* 
Rosenbaumt et* al * f 1969)* In an indew to computer-^assisted 

instruction (Lekant 1970) under the twenty packages described 
with the headin£< of "Statistics" twelve were cateaorized as 
" tutorials" * 
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In almosii all cases wherw student evaluation of th© 
systeiiis was perfoniiedf the resiults were favorable to the 
coHiPuter niethod <Tubbs» 1977)* By the middle and late 1970' st. 
however »-.. psycholoaists and statisticians had becpiiie disenchanted 
with this niethod of instruction (Eltonr 1978 )♦ This 
disenchantment caiiie froni two sources* 

1* It w<3& Iqc^ expensive* 

The ©KPense involved two aspects* the time it took to 
develop the materials and the student time on the machines* 
It taKes a drest deal of time and enerd^ to create a dialog 
an ticipatinal all possible thouaht patterns of introductory 
statistics students* This cost is relatively constant no matter 
what Kind of hardware is used* These dialogs reauired extensive 
data bases and are at this time difficult to implement on a 
microcomputer* This may chansie in the fairly near future as 
wi^'inessed by the availability of the PIL.OT lanauaae on the APPLE 
II tm micr jcomputpr * If the cost of microcomputers continues to 
decrease* the monetary expense critism may also be unjustified* 

2* The computer is not able to match its human counterpart for 
ransie and subtley of conversation* 

Except for situations where drill-and- practice are 
appropriate* the computer is a relatively poor conversationalist* 
mindlessly repeatin-t se-aments already ccvered and not auite 
realising exactly what the student did not understand* A human 
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teachfci- can do the Job f d5r>teV and better ♦ A«a psycho loaUt a and - 
conij^uter scientists obtain a fiiroatwr understanding pf laniiuaae* 
dialoat and ieisrnina r-rocfi«»ae«» » s ivicm e cai^'ahle CAI way result* 
If could alwo be iniprovod areatly by the addition of sfteech 
synth'i*ais» Until that time other avenues of computer aided 
learning ( CAL ) will probably be niore productive* 

There are some j- CAI proiarams €>ncoiiipasain<3 

dri'* j practice which stand out as beina successful* 
Ander&on <X977) describes a system called CAPS ( computer -assisted 
problem-solving system) which seems to fit this bill* One part 
of CAPS asKs students to estimate parameters of distributions on 
the basis of a araphic display* For ewamplet a scattorplot is 
il-lustrated on a CRT and the student must Suess the correlation 
coeficient within some specified rande* This drill continues 
until the student sets a certain number of estimate*-* correct* 
This proaram was written for a PDP~10 minicomputer and would 
appear to be within the power ransle of a microcomputer* 



II* STATISTICS AS A TOOL IN THE TEACHING OF A COMPUTER LANGUAGE* 

Some authors have attempted to teach . students a 
computer lansJuasie such as FORTRAN (Lyczakt 1980) by having 
students program problems in statistics* While this approach may 
be valuable as a means to teach proarammina and perhaps review 
statistics at the same timet I doubt seriously whether it would 
work in an introductory statistics class* I speak from the 
personal experience of having a problem -solving class attempt to 
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create siifiple alsJorithuis in BASIC for a siiKiulaled rat ta run a 
maise* It takes a areat deal of class and instructer time to maKe 
<iitudents feel conif or table at a conu-uter counsol with a low-level 
lans^uaae* 

Other authors have integrated a number of BASIC 
prosranis into an introductory statistics text (Price* 1979> 
Bularenr 1971). These r-roiiranis Generally do statistical 
coniF-u tat ions or sjiiiulations* Even with this approach I belieye 
it would be difficult to teach enough about a low-level computer 
lanauaae and still have much time left to present statistical 
concepts* 

• 

III, THE COMPUTEP; AS A COMPUTATIONAL TOQL.\ 

/ 

f 

It is ironic that while most statisticians find that 
computers are a fact of life in the perforwiance of their 
Jobsy students are taui^ht to use antiauated formulas desistned for 
obsolete macHines* One approact to integrate computers into the 
introductory statistics courss is as a computational tool* 

For the past si); years I have taught my introductory 
statistics students how to use "canned" statistical pacKaaes. 
to analyse data* The first three years I used MINITABS and the 
last three SPSS* I have found that while teaching SPSS takes 
sliahtly more class time (about three to five hours total )» its 
general availability and ability to arow with the students is 
worth the additional teaching effort* ' I consider this to be an 
integral part of the course and generally set very favorable 
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student reactions^ as have others (Swaniion* 1976 )♦ 

The difficulty with this aF-pposeh is. that the 
univerMiii tu comFuter center has for the last few years become 
increasinaly crowded* It would be ideal if the students could 
learn to use these canned statistics pacKaaes on a niicrocoinF-uter . 
Unfortunately > a "canned" statistics pacKaae such a SPSS is not 
doina to fit on a microconiputer ♦ In order to most fully taKe 
advantade af the power of microcomputers in this area I can 
visualise three options* 

!♦ The microcomputer is used as v^. terminal connected to a larsjer 
svjstem which has the ability to compute statistics in an 
interactive, mode* An example of this type of system would be 
conversational SPSS or CADA (Computer-assisted data analysis? 
Novickr Hamerf and Chen» 1979 )♦ 

?♦ A small version of a larger statistical ' pacKaae resides in 
the microcomputer* Uhen I teach SPSS to introductory students I 
present only a few file creation? file modification > and 
statistical commands such as BREAKDOWN* CROSSTABS> and PEARSON 
CORR» It would appear to be possible to put a subset of commands 
such as this on a small machine such that direct transfer of 
training would result when the student wished to run an analysis 
outside the power of the microcomputer* 

The CADA system mentioned earlier is be in a modified to 
run on a microcomputer « (personal communication* 1980)* This 
interactive system is directed toward a Bawesian analysis with 

8 
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s;*eci«tl attenlian aiven to the Justification of the prior 
distribution* Miller (1979) and Anderson ( V?77 ) both describe a 
oiicrocomputer system which coniputea statistics interactively with 
the student 

3. The microconiputer writes proarams for the students which are 
then run on a statistical pacKaae which resides in a laraer 
mac. line* This hybred product would interact with the students in 
3 dialoa in order to create a proarsm with the correct syntaju 
Uhen completed the proarani would autoniatically be sent to the 
larger machinet run» and returned » This would free the student 
from .JCL codes etc* and reduce the wasted time waiting for a 
proaram which has a small syntax error* I have not found a 
system such as this in ma literature search* 

» 

IV* COMF'UTER GENERATED TESTS AND HOMEWORK 

A number of software systems described earlier have 
provisions to sienf.rate different homework and test problems 
for students Miller <1979» Andersons 1977)* A larae proJrct 
undertaken at the University of New Hampshire (Buabee? Merrill » 
and Uarreny 1979) is collecting a data base of Questions for 
introductory statistics tests and proarams for editina and 
aeneratina tests* The aoal for this system is competency-based 
testina over a broad ranae of statistics courses tauaht in a 
variety of diciplines* The system is currently runnina on a 
PUP-IO and plans are underway to convert it to run on a 
microcomputer <Buabee» personal communication* 1980)* 
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I have under tsKen project to ' write proctrt^nis to 

» 

denerisle both homework and the Froblem section of my tests 
over the last six months and have been pleased with the results* 
In these programs the instructer first selects the homework he or 
she wishes to print from a menu of possibilities which appear on 
the CRT screen (Fiaure !)♦ The BASIC proarams then generate both 
problems and answerst an example of which appears in Fiaure 2» 
On the basis of this . I can be sure that the student (or 
somebody! ) has actually worked thv. problems instead of copying 
the answers from a neighbor or student from last semester ♦ The 
answers allow the student to observe the problem worked 
correctly^ Grading takes slightly longer* but I feel that it is 
worth the additional effort* It takes between one and two hours 
of computer time to generate and print 32 homework s of four pages 
eachy but this work is done when the computer would not otherwise 
be used* 

V* THE COMPUTER AS SIMULATOR 

This is the area where the computer has been most 
successfu 11*4^^,.- ■ utilized in aiding in the teaching of 
statistics* Elton and Waterford (1978) argue that computer 
simulations may teach concepts which are virtually impossible to 
teach in any other manner* Of the twenty program systems listed 
by LeKan (1970)* five were classified as simulations* 

Many of the fundemental comcepts iri statistics are of 
the form "I wonder what would happen if ***?"* especially if 
I sampled from d given population or performed the same 

to 
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experinient repeaitadiu* ' A nuniber of F■^Qa^alll^i exist to illustrate 
principles of the samr-lina distribution and hypothesis testina 
< Prices 1979 » Lwczakt 1980 J Die>aart» 1974 > Moore» 1973 J Tan is » 
1973J Rubner» Behr» and BaKer# 1974). When a student review was 
performed on these prof^ramsi they were generally favorable> with 
ne£lative comments centeriniS around the availability of a terminal 
(Andei ttony 1977 )♦ 

A system which deserves mention is one described by 
BeauJon (1970). Usina an IBM 2250 terminal connected to a 
lapcjep 360 computer t he wrote a proaram which could display a 

number of different discrete and continuous probability 
functions* A random sample could be tsKen from these 
distributions and displayed as an overlay on the original 
distribution* illustratiniS limit functions* This proaram* 
written in Basic Assembler Lanauaae* occupied 30k with 8k 
reserved for the screen display < 1024 x 1024)* This is beyond 
the current limitations of microcomputers which typically have a 
screen of 48 x 128 and a much less powerful instruction sett but 
presents interesting possibilities* 

Another approach to computer simulation is that of 
e;;per imentSf as characterised by the versions of EXPER SIM 
(MESS) and Cognitive Psycholoay (Brewley* 1978)* An experiment 
is described to the students who then so to the computer and 
^ene'hite simulated results* This aives the student an 
opportunity to manipulate yari3blt?s» collect data* and analyze it 
in much the same mannei' as a psycholodist without the expense of 
actually running subjects* Snyder (1977) describes the 
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successful aj^j^licaiion of .3 version of EXF'ER SIM in a cotirs© on 
research desii3n» 

I would now liKe to describe a siiiiuletion pronsram I 
have written to assist in- teachinsa an intermediate 
statistics course on research and design <ANOVA)» This proaaiii 
utilised aspects of both of the preceedina approaches to 
simulation ♦ The proiSram was written in BASIC on a POLYMORPHIC 88 
which at that time had neither 3 disc nor a printer* This 
prodraiTi is presented in Figure 3» The proararo could easily fit 
::nto 8K of ineniory plus BASIC and the operating system* 

The program* called SMS (Score Model Simulation) was 
used in conjunction wijth Lee's < 1976 ) text on eKperimental 
design and analysis* Th^ score model for a single factor design 

\ 

\ 

X!^j = u + ai + eig 
was first explained to the students* The symbols in the score 
model were diven the 'following meaning* 

XiJ - score of subject J appearing in treatment i 
u - population mean 

« 

ai ~ effect of treatment i 

eiJ - error for subject iJ 
The students were then asKed to do a number of simulations usin*^ 
the prosram* 

^After loadina in both BASIC and SMS on the cassette the 
students were prompted to respond tq a number of Questions 

12 
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about the simulation ^^e:ins Ferfornied (Fiaiire 4)* The Questions 
included the followina* 

!♦ The number of treatifients (2-5) 

2. The nujiiber of subjects in tsach treatment (2-12) 

3. The relative size of the error term (1-10) 

4« The disitribution of the error term (uniform or approximate normal) 

5. The size of each of the treatment effects 

6* The number of simulations 

Upon completion of this task the simulations beaan ♦ 
Each simulation presented the students with raw scores* 
means and standard devi lions for all arouPSf aean souares beiweea 
and within» dfs» and the F~ratio (Fiaure 5)» The student then 
Plotted the distribution of F~ratios on a Piece of draph paper as 
they appeared on the screen (Fiaure &)♦ Depending upon the type 
of error distribution this could take between 15 minutes for the 
uniform and 45 minutes for the normal to plot 100 F-ratios» At 
the fastest speed it required that the student work rapidly while 
the slowest speed ran the risk of borina the student* 

Each student was diven the assignment of eHPlorina what 
effect chandina one or more of the model parameters had on 
th€> distribution of F~ratios. The first step in this process was 
to generate a distribution where the null hypothesis was true* 
namely that ell treatment effects were zero (3i=0). This 
distribution was then compared with values abtained from a 
traditional table of F -ratios* This exercize had the effect of 
demonstrating the meaning of the F-ratio tables. 

13 
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Bw seleg^'tinsl . vciluei-* of the treatment effects other than 
zero the students could observe ' the creation of a 
non-central l--distPibut;Lon» An estimate of the power and 
ri^obabi li tw of a t\ipe 11 error could *hen be estiiiiated froiij these 
distr ibutionfi* 

The difficulty with this approach was that it required 
a aood deal of the students' tinie. Observing two or three 
distributions unfold before their jeyes was a valuable e>ierci2e» 

f 

aii.:i niope and it becanie drud^era* The solution to this problem 
caiite about with the aouisition of a dot-niatri« printer (Integral 
Data 440)* Now* after completing three different distr ibutiqnst 
the students may .enter the number of simulations they desire? the 
values for each simulation* and then so home. The computer works 

* 

all niaht and the student picks up the re^u;,ts tho ' next ' mornina 
<F-'iaure 7). Even more economically* the student may pick up a 
power analysis of each simulation the next morning without the, 
distributions themselves* 

I found this exercise to be extremely valuable in 
portrayiniS the concepts behind the ANOVA model* It has a 
number of features which I believe contributed to its success: 

✓ 

1. It reQuired student interaction with a display which 
changed ouickly enouSh to keep up their interest. 
2* After a student mastered the concept it was no lonser 
necessary to continue repetitious activity* 

3. Each student had somathina to contribute to the class when 
he or she was finished* - ^ 
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4* ' It FTGsented Iha coiu.fiir'ts in 3 wa^i that would not be 
pof:»?.ub.le usina ^8 conventional teitt and lecture format* The 
idea of the score model and the assumptions under lyini^ it were 
nicide clear to the stjdent* Efrects> of the violation of the 
assumptions were also demonstrated* 

The system was not wi.thout faults* however* 

1* Usma a tape recorder required a number of operations to be 
performed before the program could be run* The tape reader was 
also prone to make ereors* This has been remedied with the 
ac«uisition of of a disc drive which loads the prosram 
automatically after hitiinsi RESET* 

2* lit takes a sood deal of time on the computer* More than 
once I could not do development work on the machine because 
students were usin^ it* Timeshar insf is a possibilityi> but this 
is some distance in the future* 



On the basis of this experience I believe that a number 
of computer programs could be written for a microcomputer which 
would greatly enhance the teachina of statistics* Not all 
individuals are as enthuxastic* Tubb (1977) writes* "Very* very 
rarely* the computer may be used to Generate pseudo-random data 
for subsequent analysis* Such data are useful for illustrating 
the properties of a particular techniaueJ they do not illustrate 
n»«iny of the problems of less idealised situations*" This may be 
true? but I believe the computer can simulate situations where 
the assumptions underlying the analysis of dr,ta are violated* 

er|c 15 
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THE DESIGN OF A MICROCOMPUTER SYSTEM FOR A STATISTICS LABORATORY 

Rather than extol the virtues of one microcomputer 
manufacturePf processer> bus structure? etc* I would like 
to preisent some guidelines on the purchase of a microcomputer 
system to be used in a statistics lab* 

I* A Minimum System 
In order for the computer to be effectively used in the 
statistics laboratory I feel that the following equipment is 
necessary* 

A* Central Processor? Keyboard? and CRT 

The capacity for upper and lower case will be appreciated by 
the user as will a color display* 
B* Memory 

A minimum of 32k is necessary to implement many of the 

computer-assisted learning systems that were previously 

mentioned* 

C* Disc Drive 

A cassette tape drive only leads to frustration and wasted 
time? although it may prove usaful as a back-up system* 
D* Serial Port and Modem 

These are necessary to connect to the outside world* 

The total cost of such a system would probabily cost 
between *2000 and $3500 on today's market* One maJor 
consideration in deciding to purchase a ^iven machine is the 
willingness of tne vendor to support the application you have in 
mind* 

II; An Upgraded System . ^ 

16 
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This minimsl systeiTi gill allow one user at a time to 
access the machine* This system will permit developement 
and testing of sbfiware> but has serious limitations* I would 
su.^aest the pruchase of the following items to uF<5rade the 
minimal system* 
A* Printer 

Hard copy is an absolute must if any Kind of serious work is 
to be done on the microcomputer* It is also necessary for 
the feneration of tests and homework* 
B* More Memory 

It seems as if too much memory is impossible* 
C* A Second* possibly Third Disc Drive 

In this case the main drive may contain the operatinsi system 
and lan^uafe overhead while the other drives contain specific 
student information* overiaysr etc* 
D* Terminals 

These may be minimal system microcomputers themselves* The 
main computer Keeps records* stores programs* etc* while the 
students actually worK at the terminals* 

The cost for all this hardware n\a\si seem extravaaent* 
One must remember* however* the cost of a sinssle Freiden or 
Monroe calculator Just 15 years asio* Miller (1979) arsues that 
it wo'jld cost more than half a million dollars to implement 38 
terminals on an IBM 360/158 usin^ CMS* ewcludin^ the cost of tht: 
terminals themselves* This cost is far Greater than the cost of 
38 rnir ©computer systems* This is not done without sacrifice* 
however* The sacrifices include speed* software* resale value* 
and hiah-speed printinis* In most situations involving computer 
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assisted learning* these disadvantaSes will not cause a isreat 
deal of concern. 

OBSTACLES TO BE OVERCOME 

!♦ Expense 

This can be calculsled in terms of the monetary cost of 
purchasing hardware and software and in the time it takes to aet 
it runnind correctly* The monetary expense may be Justified by 
the «jrsiuiTient that this technioue provides a learning experience 
that can be acheived in no other manner* The time expense is 
more difficult to Justify* There are very few rewards* financial 
or otherwisev for developing CAI or CAL programs* Perhaps the 
time has come to reevaluate performance criteria for f©culty 
member s ♦ 

II* Transportability 

This i» perhaps the Greatest obstacle to be overcome* For 
example* most BASICs share elements in common (Isaacs* 1976)* but 
input/output » disc storage* etc* are often machine or operatina 
system dependent* Greater standardization is clearly needed* 

III* Politics 

Statistics courses are taught in any number of diciplines* math* 
business* psychology* sociology* economics* etc* Each structures 
the course around its own diclpline and emphasises certain 
concepts* Basic elements* however* are shared* It appears that 

18 
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very little inf ormstion is shared acroiis dicipline boundaries* 
resulting in manw different attempts to reinvent the wheel* The 
effort seen in Budbee? et» al» < 1979 ) is a welcome exception* 

IVv Communications 

Even within a sinslle dicipline many indj.viduals are not aware of 
developments in this area* It is one thins to read a description 
of a system and another to actually have seen it worK and use it* 
Many individuals will not purchase software until they have seen 
it worK* Because of the transportability problem this is often 
difficult or impossible* 

COMMUNICATION NETWORKS AS A MEANS OF OVERCOMING THE OBSTACLES 

I did not adeauately explain the need for a modem in 
the miniinal system because I wanted to reserve it until now* 
The modem is used to connect computers usiniS existing telephone 
lines* I believe that many of the obstacles may be reduced if 
not overcome by connecting computers through a communications 
network * 

At some centralized location a facility for storage of 
programs and software systems is provided* An individual at 
another university could dial up the central facility* perhaps 
through an organization like EDUNET* tell it what kind of 
microcomputer or terminal he was using* and then actually use the 
system* If it was suitable for his own purposes he could buy the 

19 
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proaram through the service* 

This would rewuiro 3 central facility which had 
accessability to and expertise in many different machines 
and which had an individual on their staff who understood the 
problems involved in the teaching of statistics* Perhaps an 
or<=isnization like CONDUIT may fit this bill* 

CONCLUSION 

The potential for the use of microcomputers as an aid 
in the teaching of statistics is Just now being discovered* 
If the obstacles hindering this development may be overcome* it 
may someday have a profound effect on the teaching methods in all 
statistics courses* ♦ 
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2* 



Two individusls, Harold and Maude, start a pro!.ran. of r-hysical fitneas* 
Each ni^ht for twenty niahts they atten.pt to du as n'.ar.y sit-ur-s as thet 
possibly can* The following is a record o 



DAY 

HAROLD 
MAUDE 

( a. ) 

(b. ) 



(c. ) 
(d* > 



t 9 3 4 5 6 7 8 9 10 11 11.' 13 14 15 16 17 IG 19 2C 
9 11 14 13 12 12 15 14. 16 17 15 lo 19 13. 17 20 10 20 18 2:! 
11 10 11 9 9 12 14 11 16 17 10 1/ 18 14 22 17 20 22 25 2^ 

Draw scaiterplots of these data usinS souis ineans to differentiate 

the two individuals* ^ . w • _j • i^. 

Compute the best-fittin3 regression lines lor both mdivioucas* 
Draw theni on the scatter plots ♦ 

for Harold Y' " ^- X 

for Maude Y' = + >^ 

Uhach model best fits the data? Until 

Discuss the MEANING of the differences between these par aiT.e wars. 



I 
I 
I 
I 

.1 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 

T 

•to 

I 
I. 



2 :"5 



7 8 ? 10 11 12 13 14 
DAY OF EXERCIZE 



15 16 17 IG 19 20 



2.1 



rijaure 2 ( cora ) 
Example HomeworK - Corrected gersion 



ssxr.?'^" SCO...... ""ss.'™. 

possibly can* The following is s record o 

t'AV 1 2 3^ 4 5 6 7 8 9 10 U l 2 13 U 15 16 17 18 -19 20 

Z^' ^ S 11 f U i2 \t V \l \l \i V? \l II is ll le 22 19 22 25 
Draw Bcaiterplots of these data usins son.e Ifesns to differentiate 
^.J^ Thf '.est-fiUin. regression Unes for both individuals. 
Draw then, on the ^^^tterplots. 5,9.709^, t X 
for Harold Y' - 10*373684 + ;^.%17j.9o^ a 
for riaurie Y' 6.626316 + .78/96992 >.< X 
<c.) Which iLDdei best fits the data? Uh^? 
Standard Error of 

for Harold Sy*x « 3*8vj/6u.5^ 



( a. ) 
(b. ) 



for Haude Sy.x - 3.8215807 ♦K.c.r- o-r amr-i pp*^: . 

Discuss the MEANING of the differences between these p«i au.eter ... . 



25 I • 

^4 I 

22 I M H H 

22 I H H 

21 I H H 11 

20 I ■ M 

19 J Hri H M 

T -H HM H H 

1 Is I H Hh ■ H 

1 . 14 I H 



13 I 
12 
11 

10 I H 

9 I 

8 1 . M 

7 I 

6 I 
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H 



5 



I rt 
I 



34 



HICRHrOhnilLR SIHUI.AT1QNS 



Fisiure 3 

FTDiiiran, ©H:; - Score ModtU Simulation 



,0 REH BASIC PROGRAK TO SlhULAT.^ A^^^^^^^^ CXPCrurCNT 



20 
30 
40 
50 
60 
70 
80 



REM 
REM 
REM 
REM 
REM 
REM 



COPYRIGHT 1979 - 



DAyiB U* STOBKBURGCR 
PSYCHOLOGY DEPARTMCNT 
soil 's S^TATC UNIVCRGITY 

HlSSOUIil 65G02 



SPRINGFIELD* 



T(I) IS THE SIZE OF THE TREATMENT EFFECT 
X(T,J) IS THE RAW DATA.MATRIX 
90 REM X2(I) ARE 'THE MEANS ' 
100 REM S2( I > ARE THE VARIANCES 

110 file:2»list 



120 REM 
130 DIM 
140 DIM 
150 REM 
160 REM 
170 /REM 
180 "rem 



Tl< 5»20 ) 
P(6»20) 



190 
200 
210 
220 
230 
240 
250 
260 
270 
2Q0 
290 
300 
310 
320 
330 
340 
550 
360 
370 
3B0 
390 
400 
410 
420 
430 
440 



REM 
REM 
DIM 
DIM 
DIM 
REM 
REM 



ri$(i:io) 

T(5)»X<fi»12)*X2(5).S2( 
Fl< 500 ) 



\REM TREATMENT EFFECTS 
\REM 'PARAMETERS 
OF GROUPS 

2=ERR0R VARIANCE 

3=RAND0M NUMBERS 

4=* OF- SUBJECTS 

5=DISTRIBUTI0N 

6=4- OF SIMULATIONS 

\REM TEMPORARY STORAGE 

\REM NEEDED FOR DISTRIBUTION 



) 



G 



IMULATIONS <Y OR- N) 



LARGE" \GOTO 
SMALL" \GQTO 
' yN5 

'yN4 

LARGE" \GOTG 



290 
290 



INPUT RUN PARAMETERS 
PRINT CHR*< 12 )»\PLOT 0»47y0 
INPUT "DO YOU WANT MULTIPLE 
IF D$«"Y" THEN 1150 ^ r- s ..mi 

TWPiiT "MUMBER OF GROUPS (2 TO 5) »N1 
Jr h^r- 5 THEN PRINT ERROR NUMBER TOO 

IF N THFN P INT "** ERROR NUMBER TOO 
INPuV"SI7F VARIANCE (1 TO 10) 

^NP If UNIFORM DISTRIBUTION, 2 IF APPgOXIriAlE NOUMnL 

PUT "NUMBER OF SIMULATIONS TlilS RUN ■'vN6 
PRTN'TXPRINT "SIZE OF TREAfMLNT r::FI ELT 
FOR 1=1 TO Nl 
PRINT 
INPUT 
NEXT 



'0 



N3 



IN 



EACH 



GROUP" 



"SIZE 



OF TREATMENT EFFECT FOR GROUP " i-I 



" yJ( I ) 



ERIC 



85 



It. 



500 rou i-i TO .a\roR tu M2 

5r>0 X'. ;.vJ)-- -: 

530 .^!l;:\ ^\Ml-XT / 

550 "^l^^l^m^^ DATA FROM AN APrR(^^( niATEI NORMAL DIGTRIDUTIGN . . ' 

.560 rem 1=1 TO NINFDR TO N2XXl^oNrOR K=l TO 10 / 

570 Xl.--XllRNruO)\ME:XT\XJ=Xl/10 
}580 X< •|: ,J)=X1*N5>!<10 . ' / 

I 590 X< :i: » J >=-X( I » -J )4 lOOiTC I ) ■ / 

I 600 NEXTXNE XT 

63 0 REM DISPLAY RAW DATA 

620 PRINT CHR:.^i.2)r\PL0T 0r47.0 pphiip" 

630 PRINT ' RAW DATA ^'^0^1- . 

6v0 PRINT "bUB.IECT'y 

6^.0 FOR 1=1 TO Nl 

660 PRINT " "»%61>'li' 

6B0 FOR .1==:!.' TO N2\PRINT ./.6If J>' " • . . 

690 FOR I=i TO Nl 

700 PRINT '•,%5F;L.X< I»J )»■ 

7U) NEXT \-''l<:.!..-:T 

7':><i NGXTNPRINT ; 

7-'.0 R^"\ NiU'J FIND fiEANS AND VARIANCES 

\^ FOR III. ^ ilis:iJn=X2(IHX(I,JANEXm2(I.)-X2(I)/N2 
j 760 NEXT 

J 7/0 "HINT ' MEAiT " y 
7CC FOR 1=1 TO Nl ' • 

-oo PtViMT '■• ■••r%6F2i'X2< I)f 

I?? 'Ss'^f TO N1XS2( I )-ONFOR J-l TO N2 

820 X:l.=;XC li^J )-X2': I ) 

B-'.r^ 32( T )==S2( I )t( XUXl )\NEXT 

840 32': I )=32( I )/( N2--1 ) 

8n0 PRINT "VARIANCE" AFOR 1=1 TO Nl 
870 PRINT '■■ "y%7Fli'S2( I 

880 NE/.T\PRINT ^ 
390 RF--. NU.J FI HEAN SQUARES 
CO.". rn. Fli-Jf nEAN. SQUARE BE fULEN 

c:;; iV-'loXFi).^- I = J TO Nl\Ml=MliX2(I)\NEXr\Hl=tiI/Nl 
I P-ViNT "uK.V^D HEAN "r%6F2!'Mlv" "r 

i 9?i0 M?^^0\FOR 1=1 TO N1\H2=M2+C C X2( I )- Ml )t2 ANEXl 
I 9^0 H2=N2*< H2/( Nl-1 )) 
I ?-=;0 !^'RTNT "MS(BET) = "»H2» 

e".' •^ -•TH FTNri MEAN SQUARE UITHIN 
' 970 nli^'oNFOR ^^flO Nl\M3=M3fG2( I )NMEXTXh3=ri3/Nl 

•rGO PRINT " % 

990 PRINT "HSCUITH) - " ? M3 

lOCO F=H2/M3 r.r. rTT^ - 'SNl-l," BF( WITH ) "vNl*<N2-l) 

1010 PRINT "F-: QBS > %r- y" DKDLl) yfU ^--'-w^ 

•020 REM DELAY Mc•v•f^ wpyt 

^030 FOR 1=1 T.0 50\F0R J=l lO ?:,0 xNEX f sNLXT 

lO'l'O NEXT ' 

ejIc;> i^ :. 'I : %, m changes: 2e 



1270 
P<5 



1200 INF-UT "NUMBER or GROUPS < 2 TO o .H 1^^ UARGE"\GOTO 1200 

\bI XKpfA'"Siz| or error mariance c to 10 -P . G ) 

ir^rif Pl3:i>>f tSL'S TE'RROR%rNi«BER TOO LARGE-vaOTO 1240 
{r70 INPUT;NUHBEF< 0F^SUB. ECTS N EACH,,^^^^^ 1, 
i?|o InpSt'm rORH SlSTR^BUnON. 2 IP APPROXIMATE NORMAL . 

iii s.;?;:^r5JBS^E^ir^^Rjs"^^p^"c? . e^a^^i^oup.. , 

■lis ^^?NrJsIzE'0F'?REATHENT EFFECT FOR GROUP ".I. 
1340 INPUT " "»T1< I»G) 
iir,50 NEXTNNF.XT 

P??N?1iHR«<52).SPLOT 0.47.0XPRT.NT '■WORKING ON DISTRIBUTION ".Q 
ii^f?pPST'o'4l?oCpRiHT^'SIMULATION-"^ 

I i:?U^HTEHlR'A?Er'n^Trj0H A UNIFORM BISTRIBUTION 
ri420 FOR 1-1. TO PdrGAFOR J-1 TO P<4,G) 
1430 X(I»J)=RND(0)*P<2»G)*3*1 

14 50 NFXTW-XT 

X1=XHRND< 0 >\NEXT\X1=X1/10 

l^iOO X( CI )==^X;l.>!?P< 2vG )*iO 

mo XtT.J)=^X(I,.iHlOO+Tl(I,G) 

l^'o prn'rli^'^iND means and variances 

.feS 'Sr ^ io pi. 4 :g AX2( 'i I )f X( I .J )\NEXTNX2( I )«X2( I )/P< 4,G ) 

"}irO FGr'i = .I. ^0 P(1,Q)\S2(I)=0\F0R ^J=l TO P<4,G) • 
' I'NflO Xl^X'. Tr J >-^2( I ) 
■» i-,9^' S?( I )=S2( I )+( Xl*Xi ANEXT 
-.i 1^00 R:-< T I )/( P( 4»G )-l ) 

u>:''o rfh"^nou find hean squares 

t . ;7r.p( 4 V G )*< M2/( P( 1 » G )-l ) > 

T^"^.f ;^G">rM"M3.S2< I )VNEXTSM3-M3/P< 1.0, 

:-lKT(F*S)\IF F>500 THEN F=JOO g*^ 
i-'i OT Of'U »0\PR.1.NT Fj 
T?- F '1. THEIJ F=l. 
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1740 PRINT F»F1<F) 



jr^? rl^'pniiTlNP TO DRAW DISTRIBUTION 

pItnt°^5!tAB( ^0 >, "F-rriSTRIBUTION SIMULATION" 

1^90 PRINT : 2. TAB< 15), "Number of Groups =,F<1,G), 

toOO PRINTt2,TAB(46>,''Nun.ber of Sub^ect^^^^^^ ^F(4,G) 

il3rPRrN'T;5rTAy(l5),"N^^^^^^^^ 

]n \; P<i;iri ^ N ^P^Rl!5Ir2:rAr<r6;:;NO M^^ DISTRIBUTION" 
186^ jRINTt2.TAB(15)."Size of Treatment Effects = , 

1870 FOR I-l TO P'^i'^,? „ vMryT\PRTNTt':'\PRINT:2 
1880 PRINT:2rTl< I,G)»" " ,\NEXT\FRINT ♦^Xf'KXNi,*^ 

1890 PFaNT:2rCHFm31)»TAB(20>f . p^. jj^^J':* 

1900 FOR 1=1 TO 50\PRINT:2)'"+" ANEXTNPRINT*^ 



1910 R-0 
1920 FOR J=l TO 100 



i940 mSi?2,TAB< 10),%5F2,R.TAB< 20 )," + " V 

1950 FOR 1=1 TO F1(J)\PRINT:2."*" ANEXT\1"RINT». 

1960 NEXT . . 

1970 PRINT:2.CHR$( 29 ;,CHR$< 12 >» 

1980 NEXT 
1990 GOTO 290 



28 



ERIC 



ERIC 



Figure 4 

ExsniFle SMS SetuF - Appears on CRT Screen 



DO YOU UANT MULTIP'-E SIMULATIONS <Y OR N )? N 

NUMBER OF GROUPS ( 2 TO ,5)5 

SIZE OF ERROR VARIANCE (1 TO^IO) 6 

START OF RANDOM NUMBERS ( 0 TO 1 ) ♦862V 

NUMBER OF'SUBJECTS IN EACH GROUP (2 TO 12) 8 

1 IF UNIFORM DISTRIBUTION, 2 IF APPROXIMATE NORMAL 

NUMBER OF SIMULATIONS THIS RUN 100 

SIZE OF TREATMENT EFFECT IN EACH GROUP 

SIZE OF TREATMENT EFFECT FOR GROUP 1 0 

SIZE OF TREATMENT EFFECT FOR GROUP 2 0 

SIZE OF TREATMENT EFFECT FOR GROUP 3 0 

SIZE OF TREATMENT EFFECT FOR GROUP 4 0 

SIZE OF TREATMENT EFFECT FOR GROUP 5 0 



Figure 5 

Example SMG Output - Appears on CRT Screen 



F;'iftr,j DATA GRQUr 

SUBJECT 1 2 

1 103*0 105»? 111»6 11^»4 11G*0 

2 111*9 116*4 102*3 107*8 101*3 

3 108*5 103*1 103*0 112*8 117*3 

4 106*5 110*9 116*9 115*7 108*6 

5 100*9 116*6 118*0 105.7 106*0 
. 6 103*0 100*9 118*2 112*3 104*8 

7 108*2 116*1 100*7 115*6 118*3 

8 104*6 111*7 108*0 111*1 100*1 

i MEAN 105*83 ' 110*19 109*84 112*16 109*38 

1 . VARIANCE 13*2 38*8 54*1 15*1 56*4 

J GRAND MEAN 109*48 MS( BET ) = 42*331408 hG(UITII) « 33*52488 

F(OBS) 1*1915989 DF( BET > = 4 DF(WITH)= 35 
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Fisiure 6 

r~distribulion Drawn bs* Student . 
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4> ■ 

F'-DIGTRXBUTIGN 'SIMULATION 
Par anifAt.ersi for lh:i.s simulation . 

Number of Groups « 5 Number of SubJects/GrouP « 

Siw:e of Error - 1 Sl&ri of Random Numbers « 

Number of Simulations - ::'00 UNirORh ERROR DISTRIBUTION 
Sise of Trtjatment EffteC-.ts = 0 0 0 0 0 

.20 mtmttmtmtmmmmimmxtt 

♦60 mmtnmntmmnntittmm 

.80 mmtnttnutntnt 

1.00 +«tt««tt«t»tt«in 

1.20 mnttttn 

1,40 4»»«mtntn 

1.60 mm«s» 

1,80 mmtttn 

2.00 mn 

2.20 mt 

2.;o mt 

2.60 +t 

2.80 +t 

3.00 + 

3.20 +t 

3.40 . I 

3.80 + 

4.00 t 

4.20 m 

4.W + 

4,60 t 

4.80 + 

5.00 +J 

5.20 f 

i.40 f 

5.60 t 

5.80 f 

6,00 f 



